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C
AN INVESTIGATION OF ENTRY HEATING ON THE

0.0175 SCALE SPACE SHUTTLE ORBITER

(MODEL 60-0) IN THE AEDC VKF TUNNEL B (OH39A/B)

by

B. J. Herrera

Rockwell International Space Division

ABSTRACT

A O.Ol75-scale thin-skin model of the space shuttle orbiter, in-

strumented with approxlmately 400 thermocouples, was tested in the AEDC

Tunnel B during November 1974 and January 1975 to investigate entry

heating. The model was tested at angles of attack from 20 ° through

45 ° with angles of sideslip at 0° and ±2°. Reynolds numbers from 0.5

through 3.7 million per foot were investigated at Mach 8. Elevon de-

flectlon angles of -30 °, -15 °, -7 °, 0°, 5°, and 10 ° were investigated.

Body flap angle was set at 0°, 5°, 15°, and 22 °. Thin-film heat-transfer

coefficients and associated data resulting from this test are presented.

Tabulated data only are published in this document (see page69 for an

index of the tabulated data).
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NO_CLATURE

(

SII)4_OL l_fl_n_MONl:C

h

bv B

bw B

C

c C

h H

hre f

h(Taw ) H(TAW)

h(Taw)/href H/_

hcf) a (TO>

_(_)/hre_" -/a_-_

h( •9':'o) a (9To)

h(._)/hre_ a/_

MQo MACH

P P

Po PO

P_ PINF

q QDOT

q= Q(r_r'),
OZNF

_FI_TXON

skin thickness, inches

vertical tail span, inches

wing span

specific heat of model material, BTU/Ib-°R

chord, inches

thin film heat transfer coefficient,
_A'u/_2-seeOa

stagnation point heat transfer coefficient
for a l-foot (full scale) sphere calculated
using Fay-Riddell theory, BTU/ft2-sec°R

heat transfer coefficient based on adiabatic

wall temperature, BTU/ft2-sec°R

ratio of h(Taw ) to hre f

heat transfer coefficient _ased on a re-

covery factor of 1, FIU/ft_-sec°R

ratio oz h(_) to hre_.

heat transfer coefficient based on a

recovery factor of 0.9, BTU/ft2-sec°R

ratio of h(._o ) to href
Math number

pressure, psia

stagnation pressure, psia

static Pressure, psia

heat transfer rate, B_/ft2-sec

freestreaa _c pressure, psf



IKN_CIATURE (Continued)

SD_OL

r

ae/_t

ST

STre f

T

%

T_

T/C

t

V=

W

MNEMONIC

R

RE-L

STN NO.

STREF

T

TO

TINF

Xo XO

x/c x/cw

X/l X/LB

TO TO

Y

Zo

Z/b,, z/ v

DEFnU_oe

temperature recovery factor

freestreaa unit Reynolds number, million

per foot

Stanton number

stagnation point Stanton number calculated
for a scaled 1-foot sphere using Fay-Riddell
theory

temperature, OR

freestream stagnation temperature, oR

freestream static temperature, oR

thermocouple

time, see

freestroaa velocity, ft/sec

model uaterial density, l_/ft 3

orbiter longitudinal station, in.

longitudinal location as a fraction of local
chord

longitudinal location as a fraction of
fuselage length

orbiter lateral station, in.

lateral location as a fraction of semispan

orbiter vertical station, in.

vertical location as a fraction of vertical

tail span
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SYMBOL

a

aM

aN

ap

aS

8

BN

_BF

6e

8SB

P®

CM

_Tw

_t

MNEMONIC

AILRON

ALPHA

ALFA-N

BETA

BETA-N

BDFLAP

ELEVON

SPDBRK

SBC

MU

RHO

PHI

PHI

PSI

DTWDT

NOF_NCLA_JRE (Continued)

DEFINITION

aileron deflectlon angle, deg.

angle of attack, deg.

model angle of attack, deg.

nozzle glmbal angle in pitch plane, deg.

sting prebend angle, deE.

sector pitch angle, deg.

angle of sldesllp, deg.

nozzle glmbal in the yaw plane, deg.

body flap deflectlon angle, deg.

elevon deflectlon angle, deg.

speed brake deflectlon angle, deg.

speed brake cavity

freestreamvlscosity, Ib-sec/ft 2

freestream density, slugs/ft 3

fuselage angular coordinate, deE.

model roll angle, deg.

model yaw angle, deg.

partlal derivative of local model wall

temperature with respect to time, °R/sec

SUBSCRIPTS

aw

M

N

adiabatic wall

model

nozzle
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SUBSCRIPTS

ref

V

W

0

W

NOMENCLATURE (Concluded)

DEFINITIOI

reference condition

vertical tall

wine

stagnation

local model wall temperature
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(
CONFIGURATIONS INVESTIGATED

The model, designated 60-0, was a 0.0175-scale representation of the

Vehicle 4 Space Shuttle Orbiter. It was constructed of 17-4 PH stainless

steel. Its skin was nominally 0.030 inch thick. Actual skin thickness

for each instrumentation station is given in Tables IV through IX. The

model was instrumented with approximately 400 iron-constantan thermo-

couples spot welded to the skin inner surface. Thermocouples listed in

Tables IV through IX and shown on Figures 2b through J. Thermocouple

locations are defined using the coordinate system given in Figure 1.

The model was installed in the tunnel using two different mounting

arrangements as shown in Figure 2a. One mounting arrangement consisted

of a sting entering the model through its base region. The other arrange-

ment utilized a sting attaching to the model through the vertical tail

root chord area with a sting leading edge similar to the vertical tail

leading edge. The first mounting arrangement was used to obtain heating

data on the model fuselage, wing, and vertlcal tall regions while the

latter mounting arrangement was used to obtain base heating information.

Model body flap, elevon, speed brake, and nozzle gimbal angle

settings were varied. The following settings were tested:

8BF: 0 °, 5 °, 15 °, 22 °

Be: -30 °, -15 °, -7 °, 0 °, 5 °,

6SB: 0 °, 49 °

i0 o

(
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C0_I_mATI0_S _m_TZGATXD (Co.cludea)

c*N : lO°,. 15°, 20 °

/3w : o°, 3.&5°

Table II defines the test progzam. The same model configuration was

used throughout the test. Different mounting arrangeBents are denoted as:

Standard: Sting through model base

SSME Heating: Sting through vertical tail attach region

Model

_5

ClO

X26

FIO

MI6

R5

v8

wll6

configuration components were defined asx

Basic fuselage of vehicle _ configuration orbiter per Rockwell

drawings VL70-O001_OC, VLTO-O00200, VLTO-(XX)202, VL70-000203

Canol_ per Rockwell drawings VLTO-O001_OC, VL70-000202,

VLT0-ooozo4

Elevon with wing WII 6 trailing edge sweepback angle of -i0.2_ °,

per Rockwell drawing VLTO-O001_OC

Body flap, per Rockwell dx'awings VLTO-O001_OC, VL70-000203

Orbital maneuvering system pods per Rockwell drawing

VLT0-OOS_O_A

Rudder, per Rockwell drawings VLTO-OOOI_OC, VLTO-OOOI_6B

Vertical tail per Rockwell drawings VLTO-O001_C, VLTO-0OOI_B

Double delta wing per Rockwell drawings VLTO-O001_OC,

VL70-_, VL70-(X)60809,VL70-006092

Table III provides a complete description of the model components.



TEST FACILITY _ESL_ON

The Arnold Engineering Development Center (AEDC) is an Air Force

Facility located in Tullahoma, Tennessee. The tunnel used, Tunnel B, is

located in the yon Earman Facility portion of this center. Engineering

and other technical operations in this tunnel are performed by contractor

personnel of ARO, Inc.

Tunnel B is a continuous, closed-circuit, variable-density wind

tunnel _ith an axisy_netric contoured nozzle and a 50-inch diameter test

section. The tunnel can be operated at a nominal Mach number of 6 or 8

at stagnation pressures from 20 to 300 and 50 to 900 psia, respectively,

and at a stagnation temperature of up to 1350°R. The model may be in-

Jected into the tunnel for a test run and then retracted for model cool-

ing or model changes without interrupting the tunnel flow.

(



The model was installed usi_ the proper sting arrangement, set to

the proper configuration and attitude. It was then injected into the air

stream and data were recorded. Time in the air stream at tunnel center-

llne was limited to approximately one second. The model was retracted

and cooled to an isothermal state using high-pressure air. The procedure

was repeated after an isothermal state was attained and required model

changes were made.

Model instrumentation was connected to a _thermocouple pair patch

board. The patch board was connected to the AEDC Beckman 210 data

acquisition system. The Beckman was limited to 20 channels of data

recording. These size limitations required up to three different test

runs to obtain a complete set of data for all thennocouples on the model.

Data were recorded on magnetic tape.

Nominal tunnel operating conditions are given in Table I.

I0



DATA REDUCTION

(.

Data were reduced using standard AEDC methods for heat transfer

data. Temperature histories were measured for each thermocouple after

the model was injected into the air stream. Temperature-time slopes

aTw were computed from the center of a least square parabola through
at

consecutive wall temperature data points in the linear region of the

temperature-time curve. The number of points used in the data fit was

computationally determined to avoid conduction errors. Heat-transfer

rates were then determined as:

- vbc L__
at

where •

BTU
c = 0.0797+ 5.556x lO-5 T

w = _90.0 ib/ft 3 (density of 17-4' ph stainless steel)

b = skin thickness as given by Tables IV through IX

for 17-4 ph stainless steel.

Local heat-transfer coefficients were computed for each thermo-

couple:

hloca I =
rTO - Tw

The theoretical stagnation-point heat-transfer rate href was cal-

culated for a scaled 1-foot (0.0175 foot) diameter sphere using the Fay-

Riddell equation:

_ot " o.9_(_w,w)°'5(po,o/Ow,w)°'_(so- a,)_du_0.5
"dx"

href 1
rTo - Taw

11



DATA REPUCTION (Concluded)

where:

o.o2_z= ,,0-6 T°'_
z + _zzo/T;

and:

du
m

dx
(Z/r s) [Z_'_(:,. - I'=o/1'o)]°'5

The ratio of the local heat-transfer coefficient to reference heat-

transfer coefficient was co._--utedto yield h/href.

Recovery factors 0.9, 1.0, and representing local adiabatic wall

conditions were used. Resulting data are tabulated in the Appendix.

12
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_CE

B. J. Herrera, "Pretest Information for Testing the O.O175-Scale

Thin Skin Thermocouple Model 60-0 in the AEDC 50-inch _vpersonic

Tunnel 'B' Test 0H39," Rockwell International Space Division Report

ffD7b,-SH-0275, Au_ast 26, 1971_.
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I i

TEST : 0K39

TART,R "!". ,,

DATE : I/g/75

TEST CONDITIONS

MACNNUMBER

8.0

I

REYNOLDSNUMBER

(mi3__Lon _er foot)

1.5

2.0

2.5

¢OT/LT, PRESSURE

(pounds/sq.inch)

1.10

210

320

_3o

STAGNATIONTEMPERATURI

(degreesl_rJ.ne )

1270

_75

131o

6T5

,m

I

860 135o

)

BALANCEUTILIZED: ]l'Ol_ - MOEEL I_STRUMERTED WITH APPROXIMATELY 400 IRON-
C'O]ISTA]ITAll THERMOCO_

COMMENTS:

14
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TABLE III. M0_EL DIMENSIONAL DATA

MOIEL COMPONERT:

GERERAL IESCRIPTION:

MOIEL SCALE: 0.0175

DRAWING NUMBS: VLTO-O00200, -202,

DIM_SIONS:

Length, in. (Nose at X0 = 235)

width,in.(exo - 1520)

Max Depth, in., (@ Xo = i_50)

Vehicle _ Orbiter Fuselage

"203, -I_OB

FULL SCALE

1293.3

Z32.0

2_8.5

MOIEL SCALE

22.633

_.o6o

_.3_9

29



TABLEIII. M01ELDIMENSIONALIX%TA(Continued)

MOIELCOMPO_E_T:

GEHERAL DESCRIPTION:

B25, six-glass panes in windshield.

MOIEL SCALE. 0.0175

DRAWING]_BER: VLTO-00OI_OB, -l_OO, -202B

D_SIONS:

Length XO = 434.6_3 to 670, in.

Max Width

Max Depth, @lass_ in.

Nose/windshield intersection, XO

CAR)IT - CI0

Configuration _ canopy and windshield as used with

FULL SCALE MOIZL SCALE

235.357 4.119

28.00 0._90

43_.6k3 7.606

30



TABLE III. MOEEL DIM_SIONAL DATA (Continued)

MODEL COMPORERT:

GER_RAL _SCRIPTION:

one side.

MODEL SCALE: O.0175

DRAWING NC_BER:

DD_EEBIONS:

Area - Ft2

ELEV0N - E26

Configuration I_OA/B orbiter elevons.

MOEEL IRAWING:

VLTO-OOOZO0, -006089, -006092

Span (equivalent), in.

Inb'd equivalent chord, in.

Outb'd equivalent ehord, in.

At inb'd equiv, chord

At outb'd equiv. @hord

Sweep Back Angles, deg.

Leading Edge

Trailing Edge

Hingeline

Area Moment (Product of Area and _),ft 3

Mean Aerodynamic Chord, in.

Data are for

SS-AO01_8, Rel. 6

FULL SCALE

ZO5.25

.68

115.3

55.1886

o.21_

0.39998

MODEL SCALE

0.063

6.067

2.018

0.966

0.2z368

o.39998

0.00

- 1o.o56

0.00

1518.27

88.7766

0.00

- 10.056

0.00

o.oo81

1.55_

(
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TABLEIII. MODELDIMENSIONALDATA(Continued) )

MODEL COMPON_T z

GE_To%L rRSCRIPTION:

xo - 15_, zo - 28T.

MODEL SCALE: 0.0175

DRAWI_ NII4BER: VL70-OOOI_)C, -35511_

DIMENSIONS:

Length (Xo - 1525.5 to 1613), i-.

Max Width (e _.z., xo - 15z5.5), in.

Max De1_h ()Co = 1532), in.

Area - Ft2

Max. Cross-Sectional @ H.L.

Plan form

Base (Xo = 1613)

Bo_ n_ - rlo

Conf_ation lh_C body flap.

FULL SCALE

87.50

256.O0

19.798

35.196

135.00

&.89

Hingeline located at

MOZmL SCALE

1.531

4._8o

o.3_6

0.011

o.o_1

o.o015
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TABLE III. _L D_SIONAL DATA (Continued)

M0_EL COMPONmr_:

IESCRIPTIONz

MODEL SCALE: 0.0175

DRAWING FOMBER: VL70-008_01, -008_I0

_SIONS:

_h (a_ _d _ Xo . i_0.5),in.

Max Width (@ Xo = 1511), in.

Max Depth (@ Xo = 1511), in.

Fineness Ratio

Area - Ft 2

Max. _ross-Sectional

oMs POD - Nl6

Configuration I_OC orbiter OMS pod - short pod.

FULL SCALE MODEL SCALE

258.50 _.52_

136.8 2.39_

7_.70 1.307

2._8k 2._

58.86_ 0.018

33



TABLEIII. MOE_LDIMENSIOIALDATA(Continued)

MODEL COMPOJamTs

GENERAL _ESCRIPTION:

configuration I_OA/B rudder)

MOIZL SCALE: 0.0175

DRAk-_G NiMBi: VLT0-OOOI_6B, -000095

DIM_SIONS:

RUDER -R
5

Conf1_u_tion I_OC orbiter rudder (identical to

Area - Ft 2

Sl_n (equivalent), in.

Inb'd equivalent chord, in.

0utb 'd equivalent chord, in.

At inb'd equiv, chord

At outb'd equiv, chord

Sweep Back Angles, degrees

Trailing Edge

Hingeline

Area Moment (Product of area & _), YT 3

Mean Aerodynamic Chord, in.

_n_ sc_ _n_L SCA_

I0O.15 o.o31

ZOl.OO 3.512

91.585 1.6o3

50.833 2.059

0.400 o._oo

o._oo o._oo

26._ _6.25

3_.83 34.83

61o.9z o.o165

73.2 1.281
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TABLE IIi.- MODELDIMENSION_ I_TA (C0ht-in_d_ ....

MOIEL COMPORE_T" Vn_TICAL - V8

G_RERAL _ES_0N: Configuration I_0 C orbiter vertical tall

(identical t o configuration I_OA/B vertical _il)

MO_EL SCALE: 0.0175

DRAWING NUMBER: VL?O-OOOIk0C, -O001_6B

DIMENSIONS: FULL SCALE MO_EL SCALE

TOTAL DATA
Area (Theo.), f%2 413.253 0.127

span (Theo.),in. _5.7Z 5.350
Aspect Ratio 1.675 1.675

Rate of Taper 0.507 0.507

Taper Ratio 0._0_ 0._Oh

Sweep Back Angles, degrees
Leading Edge _5. OO _5.OO
Trailing Edge 26.25 26.25

0.25 Element Line 41.13 41.13

Chords:

Root (Theo.) WP 268.50 4.699

Ti_ (Theo.)W_ 108.47 1.898
MAC 199.81 3.497

Fus. Sta. of .25 MAC i_63.35 25.609

W.P. of .25 MAC 635.52 ii. 122

B.L. of .25 MAC 0.00 0.00

Airfoil Section

Leading Wedge Angle, deg.
Trailing Wedge Angle, deg.
Leading Edge Radius (Min), in.

Void Area

i0.00

14.92
2.00

13.17

io.oo

14.92

0.035

0.o0_o

Blanketed Area O.0 0.0

t
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TABLE III. MODEL DIMENSIONAL DATA (Concluded)

MODEL COMPONENT: WING - Wll _
GENERAL DESCRIPTION: Configuratiom _ - Identical to Wll 4 except air-

foil thickness. Dihedral angle is along trailing edge of wing.

MODEL SCALE: 0.01750 DRAWING NL_IBER: VLTO-OOOI4OA, -000200

D]XENSIONS:

TOTAL DATA

Area (Theo.), f%2
Plan form

Span (Theo.), in.

Aspect Ratio

Rate of Taper

Taper Ratio

Dihedral Angle, degrees

Incidence Angle, degrees

Aerodynamic Twist, degrees

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

0.25 Element Line

Chords:

Root (Theo.) B.P.O.O.

Tip, (Theo.) B.P.

MAC

Fus. Sta. of .25 MAC

W.P. OF .25 MAC

B.L. of .25 MAC

EXPOSED DATA

Area (Theo.), ft2

_pan, (_eo.), in. m_lo8
Aspect Ratio

Taper Ratio
Chords

Root BPIO8

Tip 1.00 b/2

MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

FULL SCALE MOIEL SCALE

269O.0O 0.82_

936.68 16. 392

2.265 2.265
i.177 I. 177

0.200 O. 200

3.5OO 3.5Oo
o.5OO o.500

+ 3.0OO + 3.000

1_5. ooo _,5. ooo
- I0.056 - i0.056

35.209 35.209

689.2k 12. 062

137.85 2._12
_7_.81 8.3O9

1136.83 19.895

_)o. 58 5 o85

182.13 3.187

1751.50 o.536
720.68 12.612

2.059 2.059

O.2_5 O. 2_5

562.09 9.837

137.85 2. _12

392.83 6.875

1185.98 20.755
egg.3o 5.15o
251.77 4.h06

Airfoil Section (Rockwell Mod NASA)XXXX-6_

Root b/2 = 0.113

Tip b/2 = 0.12

Data for (I) of (2) Sides

Leading Edge Cuff
Planform Area, ft _ 113.18

Leading Edge Intersects Fus M.L. @ Sta 500.0

Leading Edge Intersects Wing @ Sta i024.0

o.113
O. 12

o.o35
8.750

17.920

)
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TABLE VIII. 0MS AID SSME NOZZLE _UPIR IECATIONS

T/c Xo_C_ _IT
NO. PIABE F.S.

6.0

16.0

J,
J 2_.o

_01
_02

_03
,0k

mT

M.s. ¢_, W.T'T.

•1o5 ZSO' ].T-_

o
.280 18o

90o
.1_20 o ,.

.O295

z_lO
_11

b,13
414

415
_16

_iT
418

_.19
_2o
b,21

_23

k25

_6

SSME NOZZ_

XoFROM EXIT
PLANE F.S.

5.0

i

_V

i0.0

15.0

25.o

! 45.o

XoFROM EXIT
PLAI(EM.S.

_P

o.263

o._38

0.788

_Nt_ MAT'L SKINTEI_S

315 15-5 .o3o
o .o3z

_5 .o_
_5 .o315
65 .o_

9o ' .o32
z35 ! .o3_5

o .o3o5

25 •o307
45 : .O3Z
65 .0315

90 .o_
0 .029

_.5 •0295

.o_

0 ._55

65 .026

_5 ,, •02T
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( TABLE IX. BASE HEAT SHIELD THEP_DCOUPLE LOCATIONS

T/c
No.

_28

_29

430

_31

Full Scale

Yo Zo

o l_3o

-70 _30

!

-11o _ 320
!

Model Scale

Yo ZoFROXFRR

o 0.525

-z. 225 o. 525

o -I._K_O

-1.925 -1.

Mat '1

15-5

i

Skin
Thick-

ness

.032

.o31

.o315

.o3o5

ORIGINAL PAGE IS

OF POOR QUL4LITY
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TABLE X.

Channel T/C Scope
No. No. Pos.

1

2

3

4

9

6

7

8

9

tO

II

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

3O

3_

32

33

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

401

402

403

404

405

4O6

407

315

316

1

2

3

4

5

6

7

8

9

i0

II

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

3O

31

32

33

HOOK-UP AND SWITCH POSITION COMBINATIONS

Hookup #I

Switch Position #I

Channel"

No.

34

35

36

37

38

39

4O

41

42

43

44

45

46

47

48

49

5O

51

52

53

54

55

56

57

58

59

6O

61

62

63

64

65

I

I

T/C Scope

No. Pos.

317 34

320 35

321 36

322 37

327 38

328 39

332 40

333 41

334 42

335 43

337 44

338 45

339 46

281 47

282 48

283 49

285 50

286 51

287 52

288 53

289 54

290 "55

291 56

, 292 57 .

36 58

37 59 -

38 60

39 61

40 62

41 63

42 64

43 65

Channel

No.

•T/c
NO.

Scope

POS.

66

07

68

69

7O

71

72

73

74

75

76

77

78

79

8O

81

82

83

84

85

86

87

88

89

9O

91

92

93

94

95

96

97

56

57

58

59

60

68

69

70

71

72

83

97

106

107

119

120

121

122

123

132

141

142

143

144

148

157

158

159

165

166

167

168

66

67

68

69

7O

71

72

73

74

75

76

77

78

79

8O

81

82

83

84

85

86

87

88

89

9O

91

92

93

94

95

96

97
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TABLE X. Continued.

Channel T/C Scope

No. No. Pos.

1 79 1

2 80 2

3 81 3

4 82 4

5 83 5

6 84 6

7 89 7

8 90 8

9 91 9

i0 92 i0

ii 93 ii

12 94 12

13 95 13

14 96 14

15 97 15

16 I01 16

17 102 17

18 103 18

19 104 19

20 105 20

21 106 21

22 107 22

23 113 23

24 114 24

25 115 25

26 I16 26

27 117 27

28 118 28

29 119 29

30 120 30

31 121 31

32 122 32

33 123 33

Hookup #2

Switch Position #I

Channel T/C Scope
No. No. Pos.

34 127 34

35 128 35

36 129 36

37 130 37

38 131 38
i

39 132 39

40. 137 40

41 138 41

42 139 42

43 140 43

44 141 44

45 142 45

46 143 46

47 144 47

48 146 48

49 147 49

50 148 50

51 150 51

52 151 52

53 154 53

54 155 54

55 156 55

56 157 56

57 158 57

58 159 58

59 163 59

60 164 60

61 165 61

62 166 62

63 167 63

64 168 64

65 248 65

Channel

No.

T/c
NO.

Scope
POS.

66

67

68

69

7O

71

72

73

74

75

76

77

78

79

8O

81

82

83

84

85

86

87

88

89

9O

91

92

93

94

95

96

97

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

28O

66

67

68

69

7O

71

72

73

74

75

76

77

78

79

8O

81

82

83

84

85

86

87

88

89

9O

91

92

93

94

95

96

97
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TABLE X. Continued.

Channel T/C Scope

No. No. Pos.

99 298 1

I00 299 2

I01 300 3

102 301 4

103 302 5

104 303 6

105 304 7

106 305 8

107 306 9

108 308 i0

109 309 II

II0 310 12

iii 311 13

112 312 14

113 313 15

114 315 16

115 316 17

116 317 18

117 318 19

118 319 20

119 320 21

120 321 22

121 322 23

122 323 24

123 325 25

124 327 26

125 328 27

126 329 28

127 330 29

128 331 30

129 332 31

130 333 32

131 334 33

Hookup #2

Switch Position #2

Channel

No.

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150 .

151

is2

I53

I54

155

156

157

158

159

16o

i61

162

163

T/C Scope

No. Pos.

335 34

336 35

337 36

338 37

339 38

12 39
.....--

21 40

24 41

26 42

28 43

29 44

30 45

31 46

32 47

33 48

34 49

35 50

36 51

37 52

38 53

39 54

40 55

41 56

42 s7

43 58

46 59

47 60

51 61

52 62

53 63

54 64

55 65

56

Channel

No.

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

T/c
NO.

56

57

58

59

60

63

64

65

66

67

68

69

7O

71

72

201

203

209

214

218

219

281

282

283

285

286

287

288

289

290

291

292

Scope

POS.

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

9O

91

92

93

94

95

96

97 )
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TABLE X. Concluded.

|

Channel T/C Scope

No. No. Pos.

197 340 1

198 341 2

199 342 3

200 343 4

201 344 5

202 345 6

203 346 7

204 347 8

205 348 9

206 349 i0

207 350 II

208 351 12

209 352 13

210 353 14

211 354 15

212 355 16

213 356 17

214 357 18

215 358 19

216 359 20

217 360 21

218 361 22

219 362 23

220 363 24

221 364 25

222 365 26

223 366 27

224 367 28

225 368 29

226 369 30

227 370 31

228 371 32

229 372 33

}lookup #2

Switch Position #3

Channel T/C Scope

No. No. Pos.

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

.256

257

258

259

260

261

373 34

374 35

36

376 37

377 38

378 39

379 40

380 41

381 42

382 43

383 44

384 45

385 46

397 47

398 48

399 49

400 50

223 51

224 52

225 53

226 54

227 55

228 56

229 57

230 58

231 59

234 60

235 61

236 62

237 63

238 64

239 65

Channel T/C Scope

No. No. Pos.

262 240 66

263 241 67

264 242 68

265 388 69

266 389 70

267 390 71

268 391 72

269 392 73

270 393 74

271 394 75

272 395 76

273 396 77

274 169 78

275 170 79

276 171 80

279 172 81

278 173 82

279 174 83

280 175 84

281 176 85

282 177 86

283 178 87

284 179 88

285 182 89

286 183 90

287 184 91

288 iss 92

289 186 93

290 187 94

291 188 95

292 189 96

293 190 97
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c. Nose and CanoPy Ther_ocouple Locations - Side View
' Figure 2. 0ontinued.
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f. Aft Fuselage Sidevall Thermocouple Locations

Figure 2. _ittnued. "
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APPENDIX

TABULATED SOURCE DATA

Volume

1

2

3

"' "4

Mount

Standard

Standard

a. Standard

b. Auxillary

Auxiliary

Data Set

01 thru 42,
and 75

01 thru 42,
and 75, 76

01 thru 42,

43 thru 74

43 thru 74

INDEX

Component

0 - Fuselage and Base
P - OMS Pod

L - Lower Wing Surface

U - Upper Wing Surface

V - Vertical Tail

F - Fuselage and Base
S " OMS Pod

W = Wing Lower Surface
N - OMS Nozzle

M = SSME Nozzle

Page No,

1-476

477-868

869-1262

1263-1656

1657-1824

1825-2268

2269-2490

2491-2858

2859-3080

3081-3302

(
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